In this paper, a robust finite-horizon kalman filter for discrete time-varying 
Introduction
The idea of kalman filter is to design a filter to minimize the estimation error covariance. It is successfully used to solve estimation problems of state variables for state real-time dynamic systems when the available observations are noisy. However, the optimality and guaranteed stability margin of kalman filter holds only when the system model parameters and the statistics of the noises are exactly known [1] . When the system suffers from uncertainties: uncertainty in modeling parameters and uncertainty in statistics of the noises, the performance of the standard kalman filtering could be greatly degraded. This has motivated lots of studies of the robust filtering technique for systems with any allowed uncertainties (see [2] [3] [4] [5] [6] ).
It is well known that robust finite-horizon kalman filters could provide a good transient performance for the filtering system where modeling parameters and the statistics of noises are uncertainties. The objective of robust finite-horizon kalman filter is the design of a filter having an estimation error variance with an optimized guaranteed upper bound for dynamic systems with all allowed uncertainties. In the past few years, several results on this topic have been reported in the literature (see [7] [8] [9] [10] ). In [7] , the finite-horizon Kalman filter for systems involving a norm-bounded uncertain block has been proposed and the performance of filter is improved by using multiple scaling parameters. In [8] , a finite and infinite horizon robust kalman filter addressed the problem of estimating state variables for discrete-time systems with time-varying norm-bounded uncertainties in both the state and output matrices has been presented. In [9] , a robust finite-horizon kalman filtering problem for linear discrete time-varying uncertain systems with additive and multiplicative noises is solved and an optimization approach based on the solutions to discrete Riccati difference equations is used. In [10] , Dong et.al proposed a robust finite-horizon kalman filter for uncertainties discrete time-varying systems with uncertain-covariance white noises. However, all of these algorithms have assumed that there not exist state-delay and uncertainty in its matrix for dynamic systems. In reality, the delay is one of the main sources of instability in control systems.
In this note, we are concerned with the robust finite-horizon robust kalman filtering 
where   E  stands for the mathematical expectation operator,
Kronecker delta function, which is equal to unity for kj  and zero elsewhere. The required filter form for the uncertain system (1) is represented as K are the filter parameters to be determined. In next section, our goal is to prove the existence of an upper-bounded on the estimation error covariance and find a sequence of positive-definite matrices
Etimation Error Covarianceand Upper Bounds
Since it is difficult to get the accurate error covariance for the system (1) because it involves uncertain and stochastic terms, therefore, we need to derive the estimation error covariance and obtain a corresponding upper bound. For this purpose, an augment state vector is defined
and then the augmented state-space model system following form system (1) and filter (5) can be described as
where
Denote the state covariance matrices of the augmented system (8) as follow
According to (8) and (9) , then the Lyapunov equation that governs its evolution can be defined as
In order to test the existence the upper bound of the error covariance in (10), we will make use of the following lemma. 
Lemma2[12] Given matrices ,,
A H E and F with compatible dimensions such that , then the following inequality holds:
Making use of the structure
which is similar to the structure in lemma 1 and making use of the structure
which is similar to the structure in lemma 2 and using the approach in [6] and [7] , then the following result can be proved. 
(1 ) 
(1 )
with initial value 00    , then It is obviously that the solution of (14) is not unique in general. Hence, in the next section, we will try to find a proper solution and solve the filter parameters 
Robust Finite-Horizon Filter Design
In this section, our objective is twofold. One is to find a solution of (12) , and other is to design a filter that minimizes the upper bound of the actual state estimation error variance. Hence, we propose the following theorem. (5) are of the form:
where 
and the state covariance will be
( (1 ) )
and the estimation error covariance will be
Proof: To show that (16) is a solution to (12) , substituting filter parameter expressions (16), (17), (18) and (19) into the right-hand side of (12) and considering conditions (20) and (21), straightforward algebraic manipulations show that the right-hand side of (12) is given by 
This means that (16) is a solution to (12) .
In the following part, we need to prove that upper bound is optimized by using parameters 
Obviously, 
Denote that
Using the lemma of matrix inversion [13] and (16), we have 
From (28), (29), (30) and (31), the following facts are obtained. 
From (24), we have
Substituting (32) and (33) ( )
Using the lemma of matrix inversion and (12), then we have
From (37), (38), (39) and (40), we have the following facts
From ( 
Substituting (41) and (42) 
When the optimal filter parameters 
Substituting (50) into (26), then the optimal filter parameter ok K can be determined as follow 11 1 , 1
]
)
Thus theorem 2 has been proved. In the case of systems (1) without uncertainties and state delay factors, that is 
Simulation Results
Consider the following uncertainty discrete time-varying system with state-delay in state and output matrices. 
where k F is a uncertainty matrix satisfying 
Conclusion
In this paper, a robust finite-horizon kalman filter for linear discrete time-varying system is proposed. The system under consideration is subject to constant delay both in state and output matrices and uncertainties in state matrix, the output process and the white noise covariance matrices. The existence of upper-bound on the estimation error covariance is proved. In addition, the upper bound on the estimation error covariance will be obtained without any uncertain parameters. The optimal filter parameters state, state delay and gain matrices are obtained by minimizing the upper-bound.
